The effect of hyperfine mixing in electromagnetic and 
semileptonic decays of doubly heavy baryons 

C. Albertus*, E. Hernandez* and J. Nieves^ 

*Departamento de Fisica Fundamental e lUFFyM, Universidad de Salamanca, E-37008 Salamanca, Spain 
' Instituto de Fisica Corpuscular (IFIC), Centra Mixta CSIC-Universidad de Valencia, Institutas de 
Investigacidn de Paterna, Aptd. 22085, E-46071 Valencia, Spain 

Abstract. We consider the role played by hyperfine mixing in electromagnetic and semileptonic decays of doubly heavy 
baryons, which give rise to large corrections to the decay widths in both cases. Our results qualitatively agree with other 
calculations. 
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INTRODUCTION 

Due to heavy quark spin symmetry, in the infinite heavy 
quark mass limit, the total spin of the heavy quark sub- 
system in a doubly heavy baryon is well defined and can 
be set to 5/, = 0, 1. This fact leads to the most usual clas- 
sification scheme of doubly heavy baryons. In Table 1 
we show the ground state J'^ — ^ , | doubly heavy 
baryons classified so that Sh is well defined, and to which 
we shall refer to as the 5/, -basis. Being ground states for 
the given quantum numbers a total orbital angular mo- 
mentum L = is naturally assumed. 

Spin dependent terms in the quark-quark interaction 
are proportional to the chromomagnetic moment of the 
heavy quark, therefore are i^(l/mg), and vanish in the 
limit of infinite heavy quark mass. Due to the finite value 
of the heavy quark masses, this hyperfine interaction 
between the light and any of the heavy quarks can admix 
both Si, — and Si, = 1 spin components into the wave 
function. This mixing is negligible for cc and bb baryons, 
as the antisymmetry of the wave function would require 
higher orbital angular momenta or radial excitations. On 
the other hand, in the be sector, one would expect the 
role of the mixing to be noticeable and actual physical 
states to be admixtures of the Bhc and B^^. (B = S, Q.) 
states listed in Table 1 . Physical states are very close to 
the states where the spin of the light and the c quark 
couple to a well defined value Sqc = 0, 1. To these states 
we shall call the g'c-basis. In the g'c-basis the effect of 
the hyperfine mixing is minimized as corrections are 
proportional to the inverse of the b quark mass. 

Masses are rather insensitive to the mixing, and most 
calculations simply ignore the latter and work in the Si, 
basis. However, mixing has a dramatic effect in semilep- 
tonic and electromagnetic decays of heavy baryons. 
Roberts and Pervin [1] pointed to this issue for the very 



first time, and later confirmed that it actually has an enor- 
mous impact in semileptonic transitions [2]. 

We have investigated the role of hyperfine mixing in 
semileptonic and electromagnetic decays in Refs. [3] and 
[4], qualitatively corroborating the findings of Roberts 
and Pervin for the semileptonic case. 

In this contribution we show results that clearly show 
the relevance of hyperfine mixing to properly describe 
the semileptonic and electromagnetic decay widths of 
doubly heavy baryons. Our model uses a variational pro- 
cedure (see Ref. [5]) to determine the masses and wave 
functions of the baryons in the Si, basis. Mixing coeffi- 
cients and physical masses, obtained in Ref. [3] by diag- 
onalizing the mass matrix, are shown in the next equa- 
tion. 

Sj,'.' = 0.902 + 0.43 lEfo,, M_(,) = 6967MeV, 
^hJ = -0.43 1 + 0.902 Ef,,, M„(2, = 6919MeV, 
= 0.899£2^,. + 0.437£2fo., M („ =7046MeV, 

^bc 

= -0.437a;^ + 0.899r2foc, M ,2) =7005MeV. 

SEMILEPTONIC DECAY 

Table 2 summarizes our results for semileptonic decay 
widths in transitions involving only unmixed states. They 
are in fair agreement with the relativistic calculation in 
Ref. [6], and the agreement is also good with the results 
of Ref. [7] but only for transitions involving be baryons. 
Results in Ref. [2] are always smaller. As seen in the 
table, the values of the decay widths involving Bj^^. or 
Bhc baryons (with B — Q.,Z) are very different. This fact 
anticipates that the decay widths for transitions involving 



TABLE 1. Quantum numbers and quark content of ground-state doubly heavy 
baryons. 
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physical states could be rather different. This is indeed 
the case as can be seen in Table 3 where the results for 
mixed (physical) states are shown. We thus confirm the 
findings of Ref . [2] . The actual values differ, a reflection 
of the discrepancies already present in the unmixed case. 
A very interesting feature is the fact that the decay 

(2) 

width of the B, ^ B* transition is much smaller than its 

he c c 

unmixed counterpart. This can be understood as follows: 

The B^^J physical state is very close to the state of 
the qc basis (see Ref. [3]). In the latter, q and c quarks 
couple to Sqc = 0, whereas in the B*^ the light and any 
of the c quarks couple to spin equal to one. In this 

situation any spectator calculation, would find that the 
amplitude of the transition Bj^^ — > B*^ would cancel due 

(2) 

to orthogonality. The fact that Bj^J slightly deviates from 
produces a small but nonzero decay width. 

ELECTROMAGNETIC DECAY 

In Table 4 we show results for electromagnetic transi- 
tions involving unmixed states. We compare them with 
the results by Branz et al. [8] obtained within a rela- 
tivistic model. Electromagnetic decay widths are propor- 
tional to {Mi —Mf)^, with MjMf the initial and final 
baryon masses, showing a strong dependence on the ac- 
tual baryon masses that are used. For that reason we show 
results divided by that factor. In Table 5 we show the 
results for physical states. As for semileptonic decays 
we see that the consideration of hyperfine mixing has a 
tremendous effect on the decay widths. In both cases the 
agreement with the results in Ref. [8J is poor. 

CONCLUSIONS 

We qualitatively confirm the findings in Refs. [1, 2] as to 
the relevance of hyperfine mixing mb ^ c semileptonic 
decays of doubly heavy baryons. Actual results differ by 
a factor of two. We find mixing is also very important 
for electromagnetic decays and, to our knowledge, our 
work in Ref. [4] was the first one where hyperfine mixing 



was considered for these transitions. Electromagnetic de- 
cay widths are very sensitive to the actual baryon masses 
and their precise determination demand accurate mass 
values. Future experimental measurements of semilep- 
tonic and electromagnetic decay widths will provide in- 
formation on the mixing parameters. However, this is not 
possible from the electromagnetic transitions alone with- 
out relying in a theoretical model. The situation is better 
in the case of semileptonic transitions where first order 
heavy quark symmetry relations are accurate enough [3]. 
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TABLE 2. Semileptonic decay widths (in units of 10 GeV) for unmixed states. We use 
iVcfel =0.0413. / = e, /J. 
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TABLE 3. Semileptonic decay widths (in units of 10 GeV) for mixed states. 



r(s,,^s£)/v,) 

r(4'^E„/v,) 

r(sW^H*,/v,) 



This work [2] 

0.47 
0.99 

2.21 0.95 

0.85 0.33 
0.38 

3.50 1.92 
3.14 

0.017 0.026 



nahh ^ ^fj ivi) 

mf J ^^*cc IVl) 



This work [2] 

0.48 

1 .06 

2.36 0.99 

0.91 0.30 

0.37 

3.52 1.99 
3.14 

0.014 0.013 



TABLE 4. Electromagnetic decay widths, divided by (Mj—Mp)^, (in units of 10 ^ GeV 
for unmixed states. 
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TABLE 5. Electromagnetic decay widths, divided by (M/ -Mpf, (in units of 10"^ GeV"^) 
for mixed states. 
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